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TITLE;  Tracer  Studies  of  Vitamin  C  Utilization  in  Men;  Metabolism 
of  D-Glucuronolactone-6-CT^,  D- Glucuronic- 6- Acid  and 
L-Ascorbic-I-CT^  Acid 

AUTHORS;  BAKEK,  SAUBERLICH  WOLPSKILL  and  WALLACE 

U.  S.  Army  Medical  Research  &  Nutrition  Laboratory 

ABSTRACT;  Studies  of  body  composition  and  the  use  of  C^^  isotopes  has 
resulted  in  a  method  for  stating  the  actual  utilization  of  ascorbic 
acid  by  healthy  men.  After  ingesting  a  single  20  yic  quantity  of 
D-glucuronolactone-6-C^^,  the  urine  of  healthy  men  contains  C^^ 
activity  which  can  be  isolated  and  found  in  the  highly  purified  phenyl- 
hydrazine  derivative  of  ascorbic  acid.  Such  activity  is  not  fo\ind 
following  the  ingestion  of  D-Glucuronic-6-Cl^  acid,  indicating  that 
the  above  lactone,  but  not  its  acid  can  function  as  a  source  of  ascorbic 
acid.  In  subjects  who  ingest  20  ^ic  of  L-ascorbic-l-CT^  acid,  the  daily 
urinary  oxalate  arising  from  metabolism  of  the  labeled  ascorbate  is 
subsequently  excreted  as  a  constant  proportion  of  the  total 
activity  remaining  in  the  body.  Thus  it  can  be  inferred  that  the 
portion  of  the  daily  oxalate  which  arises  from  metabolism  of  ascorbate 
is  formed  and  excreted  at  a  constant  rate.  Further,  in  6  men  of 
diverse  body  weight  and  degree  of  fatness,  it  was  found  that  the 
ascorbate  utilization,  as  expressed  in  terms  of  oxalate  excretion, 
occurred  at  a  rate  of  0.207  mg/day/kg  of  fat-free  body  weight.  Rarely, 
if  ever,  do  adult  males  exceed  90  ^  in  lean  body  mass.  Therefore, 
l8  mg/day  intake  would  match  the  greatest  quantity  of  aacorbate 
metabolized  by  the  largest  healthy  man. 
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L- ASCORBIC- 1-C^^  ACID 


E.  M.  BAKER,  MAJOR,  MSC,  H.  E.  SAUBERLICH,  S.  J.  WOLFSKILL 

and  W.  T.  WALLACE 
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Recent  studies  (l)  indicated  that  D-glucuronolactone  caused 
increased  blood  ascorbic  acid  levels  as  well  as  increased  urineury 
excretion  of  ascorbic  acid  in  men,  whereas  D-glucuronic  acid  did  not 
do  this.  To  check  the  possible  conversion  of  IVglucuronolactone  to 
L-ascorbic  acid,  it  was  decided  to  study  the  metabolism  of.  the  lac¬ 
tone  in  two  ways.  One  was  to  give  D-glucuronolac tone-6- C^^  orally 
and  then  isolate  urinary  ascorbic  acid  to  determine  if  any  of  the 
labeled  lactone  had  been  converted  to  L-ascorbic  acid.  The  other  was 
first  to  label  the  total  body  ascorbic  acid  pool  with  L*  ascorbic- 1- 
acid  and  then  test  with  various  loads  of  D-glucuronolactone  to 
see  if  any  changes  would  take  place  in  the  specific  activity  and  rate 
of  excretion  of  ascorbic  acid.  Further,  an  attenQ>t  was  made  to  see 
if  the  total  body  ascorbic  acid  suid  its  rate  of  utilization  were  re¬ 
lated  to  the  fat- free  body  weight. 

Experimented..  The  D-glucuronolactone-6-C^^  and  D-glucuronio- 
6-Cl^  acid  were  obtained  from  the  National  Bureau  of  Standards, 
Washington,  D.  C.  The  L- ascorbic- 1-C^^  acid  was  obtained  from  the 
California  Corporation  for  Biocheaiical  Research,  Los  Angeles, 
California.  These  ccxnpounds  were  checked  for  purity  prior  to  use  by 
melting  point  measurement  and  by  paper  chromatography.  The  activity 
of  the  above  ccm^jounds  was  checked  by  radioassay.  IVglucuronolactone- 
6-cl**-,  4.11  >uc/mg,  or  D-glucuronic-6-Cl^  acid,  3.72  yuc/rag,  were 
freshly  dissolved  in  distilled  water  and  swallowed  immediately  by 
healthy  men  in  quantities  of  20  /ic  of  each  appropriate  canpound  for 
each  man  together  with  a  cold  carrier  load  of  2  g  of  D-glucuronolac¬ 
tone  or  D-glucuronic  acid.  For  the  men  receiving  L-ascorbic- l-C^^ 
acid,  each  swallowed  20  /ic  of  l-ascorbic- 1-C^^  acid  having  a  specific 
activity  of  1.35  mc/raM.  No  cold  carrier  was  given  to  these  subjects. 
Following  this,  each  man  swallowed  2  g  of  freshly  dissolved 
glucuronolactone  on  the  3rd  or  9th  day. 
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ToteLL  daily  urine  vas  collected  and  measured  from  all  sub¬ 
jects;  these  samples  were  refrigerated  and  2.0  ml  of  each  were  taken 
for  counting. 

• 

Immediately  after  receiving  the  tracer  quantity  of  D-glucur- 
onolactone,  I>-glucuronic  acid  or  I/*ascorbic  acid,  the  men  were  made 
to  expire  directly  through  a  CaCl2  drying  train  into  a  Cary- 

Tolbert  ionization  chamber  connected  to  a  vibrating  reed  electrometer.. 
The  C^^02  activity,  total  CO2,  and  the  volume  of  flow  were  recorded 
automatically  on  a  6- channel  recorder. 

The  total  activity  of  each  urine  sample  was  determined  by 
use  of  a  liquid  scintillator  counter  using  P-dioxane- toluene.  Oxa¬ 
late  in  selected  samples  was  isolated  as  calcium  oxalate,  recrystal¬ 
lized  h  times,  and  dissolved  in  1  N  hydrochloric  acid  for  counting  in 
the  liquid  scintillator.  Quantitative  determination  of  the  total 
oxalate  was  done  with  the  Archer  method  (2).  Efficiencies  for  all 
liquid  scintillator  counting  samples  were  determined  individually  by 
use  of  added  standard  samples. 

Urinary  ascorbic  acid  levels  were  chemically  determined  by 
the  Schaffert  method  (3).  The  urinary  ascorbic  acid  was  then  iso¬ 
lated  by  the  method  described  by  Jackel  et  eil.  (4).  After  the 
dinitrophenylhydrazone  (DKPH)  derivatives  were  recrystallized,  these 
were  dissolved  in  I^dioxane  and  applied  to  weighed  planchets  and 
counted  in  a  gas  flow  counter.  All  DNPH  derivatives  were  recrystal¬ 
lized  to  constant  activity  which  usually  required  4  to  6 
recrystallizations . 

Total  body  tissue  volume  (V)  was  estimated  in  duplicate 
tests  using  a  body  volumeter  based  on  displacement  of  water  (5). 

From  body  weight  (m)  and  V,  fat  (F)  in  kg  was  calculated  according  to 
an  equation  developed  in  this  laboratory:  F  =  4.834  V  -  4.366  M. 

Results .  Figure  1  shows  the  rate  of  C^^02  eaqjiration  in  3 
men,  as  measured  with  an  ionization  chamber  electrometer  immediately 
following  the  swaLLowing  of  20  /ic  of  I>*glucuronolactone-6-cl^  or 
IVgluc\aronic-6-C^^  acid.  The  cumulative  excretion  of  cl^02  after 
ingestion  of  D-glucuronolactone  vas  44^  of  the  total  carbon- 14  dose 
in  2  e3q)eriments,  whereas  after  ingestion  of  D-glucuronic  acid  it  was 
68^.  The  peak  rate  of  excretion  occurred  within  25  minutes  in  the 
lactone  experiments,  whereas  in  the  glucuronic  acid  e:3q>eriments  it 
did  not  occur  imtil  after  the  4th  hour  following  ingestion.  No  cl^02 
activity  could  be  detected  in  the  e3q)ired  air  of  the  subjects  re¬ 
ceiving  I^ascorbic-l-Cl*<-  acid  even  using  a  15-liter  ionization 
chamber  for  greater  sensitivities.  A  fraction  of  Vja  oxidation  to  CO2 
during  the  first  8  hours  could  have  been  easily  detected  by  this 
technique. 

The  urinary  ascorbic  acid  ^Ich  was  Isolated  as  the  IXIPH 
derivative  had  no  radioactivity  in  the  labeled  D-glucuronic  acid 
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experiments  on  2  men.  However,  the  DNFH  derivatives  Isolated  from 
the  urinary  ascorbic  acid  of  the  3  men  vho  had  received  D-glucurono- 
lactaie-6-Cl^,  the  specific  activities  ranged  from  2.1  x  l(r3  to  3*6 
X  icr3  ;ic/mg  ascorbic  acid.  This,  of  course,  was  dependent  upon  the 
amount  of  ascorbic  acid  excreted  dally  which  ranged  from  26.4  to  39*0 
mg. 


Furi±er,  an  experiment  was  made  with  20  fi.c  of  IVglucurono- 
lactone-6-C^^  added  to  freshly  voided  urine  together  with  cold  carrier 
IVglucuronolactone  and  L-asgorbic  acid.  From  this  mixture  the  ascor¬ 
bic  acid  was  Isolated  as  the  nNFH  derivative,  recrystallized  at  least 
4  times,  and  counted  to  determine  the  degree  of  contamination.  If 
auiy,  by  the  labeled  lactone.  Less  than  0.04^  of  the  initial  20 
piC  could  be  detected  In  the  ascorbate  derivative.  Indicating  that  In 
the  experiments  on  ingestion  of  D-glucuronolactone-6-Cl^  that  less 
than  10^  of  the  ascorbate  derivative  activity  could  have  been  from 
contamination  under  the  most  unauspiclous  set  of  conditions. 

Figure  2  shows  the  percent  of  total  activity  excreted  in  the 
urine  as  oxalate  from  one  of  2  men  \^o  hsui  received  20  /ic  of  L- 
ascorbic-l-Cl^  acid.  Ibis  was  done  to  see  if  the  oxalate  excretion 
arising  from  the  ascorbate  was  constant  and,  further,  to  study 
the  effect  of  cold  D-glucuronol€w;tone,  D-glucuronlc  acid,  and  L- 
ascorblc  acid  on  the  oxalate  and  ascorbic  acid  excretion.  The  oxa¬ 
late  activity  was.  Indeed,  ranarkably  constant,  remaining  at  a  level 
of  50  to  52^  of  the  total  activity  excreted  and  changed  only  when  the 
body  ascorbate  pool  was  overloaded  or  otherwise  affected.  Both  sub¬ 
jects,  who  received  cold  D-glucuronolactone  on  the  3rd  or  9th  day 
following  the  L-ascorblc-l-C^^  acid,  excreted  less  total  urinary  oxa¬ 
late  activity  Pereas  the  urinary  ascorbate  total  activity  increased 
€uid  was  of  a  lowered  specific  activity.  On  the  following  day,  the 
excretion  of  oxalate  radioactivity  returned  to  the  50^6  level.  On  the 
2nd  day  following  overloading  with  the  cold  lactone,  the  proportion 
of  the  total  radioactivity  excreted  in  the  form  of  oxalate  decreased, 
for  unknown  reasons,  and  did  not  return  to  the  50^  level  until  after 
a  further  2  days.  Also  shown  (Figure  2)  is  a  similar  effect  exhib¬ 
ited  by  overloading  with  0.5  g  of  cold  L- ascorbate.  Further,  note 
that  2  g  of  cold  D-glucuronic  acid,  if  anything,  caused  increased 
oxalate  excretion.  The  above  effects,  at  the  least,  indicate  a 
marked  dilution  of  the  body  ascorbate  pool  presumably  by  ascorbate 
arising  from  glucuronolactone. 

The  half-life  of  the  L-ascorbic  acid  was  l6  days  in  the  3 
subjects  receiving  labeled  ascorbate.  This  was  obtained  by  plotting 
the  percent  of  the  initial  dose  remaining  in  the  body  as  a  logarith¬ 
mic  function  of  time.  An  average  biological  half-life  of  l6  days  for 
ascorbic  acid  has  been  reported  to  occur  in  3  diseased  patients  (6). 

Table  I  shows  the  body  pool  size  of  ascorbic  acid  in  5  men. 
To  calculate  this,  the  specific  activity  of  urinary  ascorbic  acid 
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(Column  1)  was  divided  Into  the  total  activity  remaining  In  the  body 
at  the  end  of  the  collection  period  (Coliunn  2)  to  obtain  the  total 
body  ascorbic  acid  (Column  3)*  In  the  last  3  tests  the  pool  size  was 
estimated  by  assuming  that  one- fourth  of  the  C^^  labeled  D-glucurono- 
lactone  supplied  ascorbic  acid  which,  In  turn,  was  Incorporated  Into 
the  ascorbic  acid  pool.  On  Subject  No.  2  the  estimated  pool  size  was 
1.6^  g  compared  with  1.61f  g  when  this  subject  was  measured  using  L- 
ascorblc-l-C^^  acid,  thus  showing  that.  Indeed,  one-fourth  of  the 
lactone  went  to  ascorbate. 

From  comparison  of  Columns  4  and  3  of  Table  I,  It  appears  as 
though  the  fat- free  body  weight  contains  a  uniform  proportion  of 
ascorbic  acid  In  the  quantity  of  33*3  mg/kg.  Further,  as  seen  In 
Figure  3^  the  rate  of  utilization  of  ascorbic  acid  also  Is  directly 
related  to  the  fat- free  body  weight.  The  utilization  rate  was  ob¬ 
tained  from  2  assumptions:  l)  sufficient  time  had  elapsed  for  the  C^^ 
labeled  ascorbic  acid  to  become  uniformly  distributed  In  the  body  and 
2)  the  proportion  of  excreted  oxalate- C^^  arising  from  labeled  ascor¬ 
bic  acid  was  constant.  The  rate  of  utilization  was  obtained  by  di¬ 
viding  the  specific  activity  of  the  ascorbic  acid  into  the  total 
activity  excreted  as  oxalate  during  the  24-hour  collection  period. 

As  an  example.  In  the  case  of  Subject  I,  0.112  yjc/day  was  present  as 
oxalate  and  the  specific  activity  of  the  ascorbate  isolated  that  day 
was  0.0078  /ic/rag  ascorbic  acid,  giving  a  rate  of  l4.4  mg  ascorbic 
acid  utilized  on  that  day.  The  same  subject  who,  on  the  3rd  day  had 
received  500  rag  of  cold  ascorbic  acid,  continued  to  show  an  ascorbate 
utilization  of  only  I5.O  rag/day. 

l4 

Discussion.  Studies  of  body  composition  and  the  use  of  C 
isotopes  has  here  resulted  in  a  method  for  stating  the  actual  utili¬ 
zation  of  ascorbic  acid  by  heeQ.thy  men.  After  Ingesting  a  single  20 
/uc  quantity  of  D-glucuronolactone-6-C^^,  the  urine  of  healthy  men 
contains  activity  which  can  be  isolated  and  found  in  the  highly 
purified  phenylhydrazine  derivative  of  ascorbic  acid.  Such  activity 
is  not  found  following  the  ingestion  of  D- glucuronic- 6- acid,  in¬ 
dicating  that  the  above  lactone,  but  not  its  acid,  can  function  as  a 
source  of  ascorbic  acid. 

In  subjects  who  ingest  20  ;uc  of  L- ascorbic- 1-C^^  acid,  the 
daily  urinary  oxalate  arising  from  metabolism  of  the  labeled  ascor¬ 
bate  is  subsequently  excreted  as  a  constant  proportion  of  the  total 
activity  remaining  in  the  body.  Thus,  it  can  be  inferred  that 
the  portion  of  the  daily  oxalate  which  arises  from  metabolism  of 
ascorbate  is  formed  and  excreted  at  a  constant  rate.  Note,  since 
Crawhall  et  al.  (7)  showed  tliat  about  4o^  of  the  daily  oxalate  came 
from  breakdown  of  glycine  and  here  it  is  shown  that  another  ^0% 
comes  from  ascorbate,  it  is  possible  to  speculate  that  nearly  all  of 
the  urinary  oxalate  comes  from  the  metabolism  of  glycine  and  ascorbate 

The  ingestion  of  a  single,  ccxnparatively  large  0.5  g 
queintity  of  "cold"  ascorbic  acid  or  its  precursors  by  a  subject  whose 
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body  ascorbic  acid  pool  has  been  previously  labeled,  as  described 
above,  results  in  increased  excretion  of  ascorbate  of  lowered 
specific  activity.  These  effects  are  transitory  in  that  within  2  days 
the  total  ascorbate  excretion  returns  to  previous  levels  and  the 
ascorbate  specific  activity  is  lower  than  it  was  prior  to  dilution  of 
the  body  ascorbate  pool. 

Simultaneously,  the  total  activity  and  the  specific  activity 
of  the  oxalate  decreases,  but  the  proportionality  of  the  total  oxa¬ 
late  activity  to  the  specific  activity  of  the  ascorbate  remains  the 
same.  From  these  effects,  it  can  be  inferred  that  the  utilization 
breakdown  of  ascorbic  acid  in  the  body  occurs  at  a  cons  tant  rate  ir¬ 
respective  of  an  increased  rate  of  supply  of  ascorbate  to  the  body. 

Further,  in  6  men  of  diverse  body  weight  and  degree  of  fat¬ 
ness,  it  was  found  that  the  ascorbate  utilization,  as  expressed  in 
terms  of  oxalate  excretion,  occurred  at  a  rate  of  0.207  ing  per 
day  per  kilogram  of  fat- free  body  weight.  Rarely,  if  ever,  do  adult 
males  exceed  90  kg  in  lean  body  mass.  Therefore,  18  mg  per  day  in¬ 
take  would  tnatch  the  greatest  quantity  of  ascorbate  metabolized  by 
the  largest  healthy  man. 

S’mnmary 

1.  Results  of  studies  with  healthy  men  revealed  that  close 
to  one- fourth  of  D-glucuronolactone-6-C^^  was  converted  to  L-ascorbic 
acid  whereas,  on  the  other  hand,  no  activity  could  be  detected  in  the 
ascorbate  derivative  isolated  frm  the  urine  of  subjects  receiving 
D-glucuronic-6-C^^  acid. 

2.  One- half  of  the  urinary  oxalate  arises  from  the  break¬ 
down  of  ascorbic  acid  and  is  excreted  at  a  constant  rate. 

3.  The  size  of  the  ascorbic  acid  pool  and  its  rate  of  util¬ 
ization  was  directly  related  to  the  size  of -the  fat- free  body  weight. 
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All  collections  were  for  24  hours  except  Subject  No.  3  which  was  for  8  hours 

AssimLng  25^  c<xiversion  of  D-glucuronolactone-6-C^^  to  body  ascorbic  acid. 
Subjects  1,  3  and  second  test  on  Subject  2:  L-ascorbic-1-^^  acid. 

Subjects  4,  5  and  first  test  on  Subject  2:  I^glucuronolactone-6— 


BAKER,  SAUBERLICH,  WOLFSKILL  and  WALLACE 


REFERENCES 

1.  Baker,  E.  M.,  Blerman,  E.  L. ,  Plou^,  I.  C.,  Metabolism, 
i960,  v9,  478. 

2.  Archer,  H.  E.,  Dormer,  A.  E. ,  Scowen,  E,  F.,  Watts, 

R.  W.  E.,  Clin.  Sci.,  1957,  vl6,  405. 

3.  Schaffert,  R.  R.,  Kingsley,  G.  R.,  J.  Biol.  Chem.,  1955, 

v212,  59. 

4.  Jackel,  S.  S.,  Mbsbach,  E.  H.,  King,  C.  G.,  Arch.  Blo¬ 
ch  em.  and  Blophys.,  1951,  v31,  442. 

5.  Allen,  T.  H.,  Krzywicki,  H.  J.,  Worth,  W.  S.,  Nims, 

R.  M.,  U.  S.  Army  Med. Rsch.  Nutr.  Lab.  Rpt.  No.  250,  24  Sept.  i960. 

6.  Heilman,  L.,  Burns,  J.  J.,  J.  Biol.  Chem.,  1958,  v230, 

923. 

7.  Crawhall,  J.  C.,  itowbray,  R.  R.,  Scovren,  E.  F.,  Watts, 

R.  W.  E.,  Lancet,  1959,  November  l4,  8IO. 


MICROCURIES/HOUR 


BAKER,  SAUBERLICH,  WOLFSKILL  and  WALLACE 


HOURS 

Fig.  1.  Rate  of  C^^02  expiration  following  ingestion  of  20 
quantities  of  I>-glucuronolactone-6-C^^  and  D- glucuronic- 6- acid. 
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BAKER,  SA-UBERLICH,  V70LFSKILL  and  WALLACE 


tOM  ASCORBIC  (MfM  L-ASCORBIC  ttm  D-BLUCURONO-  Zfin  O-SLUCURONK  NO 


Fig.  2.  Percent  of  total  activity  excreted  Isy  the  kidneys  as 
oxalate  in  Subject  No.  1  on  the  days  following  ingestion  of  20  ^c  of 
Ir ascorbate- 1-C^^.  The  hours  of  duration  of  each  collection  period 
are  indicated  in  each  block  of  the  figure.  See  text  for  indicated 
treatments . 
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Fig.  3-  Total  body  ascorbic  acid  and  its  rate  of  utilization  are 
directly  related  to  fat- free  body  weiglit  of  healthy  men. 
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